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10 PURPOSE 

This standard operabng procedure (SOP) contams procedures that will be used at the Rocky Flats Envuonmental 

Technology Site (RFETS) to plug and abandon monitonng wells and piezometers The proper pluggrng and 

abandonment of obsolete relict, or damaged wells IS necessary to prevent the entry of contammants to 

groundwater through the borehole and prevent the mtermmglmg of groundwater !tom different sources through the 

borehole Well pluggmg and abandonment of wells which are no longer mtended to be used 1s a requuement of the 

Water Well Consuuchon Rules, 2 CCR 402 2 admmlstered by the State of Colorado Department of Natural 

Resources Office of the State Engmeer, Division of Water Resources 

2 0  SCOPE 

Thls document, whch supersedes procedure OPS GT 11, applies to all RMRS personnel and subcontractors 

conducmg work at the Rocky Flats Envuonmental Technology Site (RFETS) 

Well pluggmg and abandonment will be performed at wells identlfied m an approved work plan or other work 

controllmg document. The procedures contamed withm this SOP apply to all wells mstalled, owned, andor 

permitted by DOE or its agents at RFETS This SOP also estabhshes the admmmnve requlrements for 

mcorporanon of the State of Colorado Department of Natural Resources Office of the State Engmeer Division of 

Water Resources Water Well Construchon Rules, 2 CCR 402 2 mto well abandonment achvines 

Pluggmg refers to the physical process of fillmg the well cavity with grout andor other approved matenals 

Abandonment mvolves pluggmg the well with grout andor other approved matenals, and the completion and 

documentanon of all requments of thls SOP For the purpose of thls SOP a well IS defined as a cased ground 

penetrahon mtended for momtonag the chemical, physical or potenhometnc pperhes of groundwater, a cased 

ground penetration mended for produmon of groundwater or a cased ground petranon of unknown status 

Abandonment of boreholes, which arc defined as ground penetrahons dnlled pmanly for obtammg geologic and 

envuonmental mformahon, IS addmscd m SOP RMRS/OPS PRO 117 Pluggmg and Abandonment of Boreholes 

Pnor to begmmg any pluggmg and abandonment activity, the Project Manager shall nohfj’ the Water Operations 

Divlsion Thls pnor nonficahon will allow for the final ~ p p o m t y  to perform any necessary samphg andor 

hydrologc measurements 

3 
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3 0  REQUIREMENTS 

A RMRS or subcontractor npnsentatlve wlth expc~~cnce m wefl pluggmg and abaadonments will conduct 

oversight and supermion of any field opmtxms that wll provtde for the plugohrg and ahdomcnt of wells by 

the methods coverad undattus SOP 
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Down hole cumng tools 

Drums for contament of borehole effluent and sedunent 

Mud balance 

Weighted tape measure 

Muror 

Spotlight 

Sledgehammers for breakmg up concrete well pads 

Stamless steel or alummum well markmg plates 

Steel Qsks for cappmg p r o m v e  casmgs 

High pressure steamer/sprayer 

Phosphate-he lab-grade detergent (e g Liqumox) 

Health and safety monitonng equipment and personz, p r o m v e  equipment accohng to the Health and 

safety Plan 

Well pluggmg and abandonment form (PRO 1 17A) 

Black waterproof pens 

PROCEDURES 

I 

Equipment for pluggmg and abandonmg boreholes will be used a c c o h g  to the pertment requmments of SOP 

RMRS/OPS-PRO 114 Dnllmg and Samplmg Usmg Hollow Stem Auger and Rotary Dnllmg and Rock Conng 

Techniques These requmments mclude use of contammant-fiee lubncants only and visual rnonitonng of 

equipment for hydraulic andor fuel or oil leaks All procedures will be c o n d u d  accordmg to the Site Health and 

Safety Program Plan If necessary project specific requwments will be addressed m a project specific work plan 

Several methods of well abandonment are addressed UI the followmg sections Selmon of the appropnatc methdd 

of abandonment for a given well must be addressed UI the project speclfic work plan based on mformanon 

compiled for the well Factors to be considered UI selecnng the abandonment method mclude 

Casmgmatenal 

0 Casmg condmon 
0 

0 

0 Well location 

0 Well depth 

e Well plumbnes 

Diameter of casmg and borehole 

Type and quality of o n g d  seal 

.-- 
a= 
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Caslngpullmg 

0 Casmg destructlon 

0 Overdnllmg 

0 Overconng 

Regardless of the method selected, the concrete pad must be removed and disposed of accordmg to the provisions 

set forth m Smon 4 0 

4 1 1 Casing Pulling 

Casmg may be pulled from the borehole usmg hydraulic jacks a forklift, or the &g capabihtm of the dnll ng A 

vibration hammer may be used to augment the pullmg High viscosity bentonite dnllmg mud may be placed m the 

casmg to mmmlZe collapse of the borehole walls as the casmg IS pulled. After the casmg has been pulled, the 

borehole must be reamed to approxlmately the same diameter as the o n g d  hole to remove the annular matenals 

and promote a good seal between the borehole wall and the new grout The cuttmgs and fluids from reammg must 

be drummed and charactentcd m accordance with the procedures outlme m SOP RMRS/OPS PRO 1 15 

Monitonng and Conmenzmg Dnllmg Fluids and Cuttmgs 

4 1 2 CasingDestructron 

Destrumon of the casmg can be accomplshed by dnllmg out the casmg m place Either hollow stem auger or 

rotary dnllmg methods may be appmpnate A pilot bit or guide attached to the lead auger or tncone bit is advanced 

withm the well casmg as a guide m dnllmg out the casmg High viscosity bentonite dnlhg mud may be placed in 

the casmg and penoddly added as the bonng IS advanced Thorough removal of the annular grout should be 

undertaken either by dnllmg the bonng to approxlmately the same dmneter as the ongmal borehole or by reaming 

the borehole to destroy the casmg after malung the minal run The cuthngs and fluids from dnllmg and reaming 

must be drummed and charactenzed m accordance with the procedures outhe rn SOP RMRS/OPS PRO I I C 

Monitonng and Contamenzmg Dnlllng Fluids and Cuttmgs 

4 1 3 Over&illing 

For the purpose of this SOP overdnllmg ref= to the use of hollow stem augers to dnll muud the well casing 

The hollow-stem auger should have an mide dmneter of at least two mches larger than the well casmg, and the 

auger flights should be at least the same dmmeter as the o n g d  borehole The augers wdl be dnlled to the full 
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depth of the angmal bormg If possible, the casmg will be pulled with the q e m  UI place. If the casmg should 

become stuck widun the h o h  stem, water may be forad down the camg andout the screen m an attempt to fres 

the casmg If ths procedurr fads, the casmg must be pulled s m u l w i y  with the augers Reatnmg may be 

necessary after the casmg 1s pulled lfthae IS a significant amaunt of a~ularmataalr and debns nmaurmg m the 
hole The cumngs and fluids &om dnllmg and reaming must be drummed and chruactenad UI accorchce witb the 

procedures outhe UI SOP RMRs/ops-pRO 115, Mon~tonng aad fhmwmmg - Lrrmiog Flutds and cu#mgs. 

42 

4 3  Groutmn 
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recommendatlons 

Grout will be emplaced by pumpmg through a tremie pipe or dnll stem with the bottom end of the pipe alwavs 

bemg mamtamed below the top of the grout slurry withm the well or borehole When groutmg boreholes It is 

advantageous to begm the grouhng process with hollow stem augers or temporary casmg m the borehole 

removmg sectlons as the grouhug progresses m order to mmmm borehole collapse If the hole or casmg to be 

grouted is less than SIX feet deep grout may be poured dvectly mto the open hole or casmg h m  the surface rather 

than pumped, but care will be taken to pour the mlxture gently so that the walls of the hole do not cave 

Grout should be apphed m as nearly as conhuuous a procedure h m  bottom to top as 1s practical to mmmm 

segregatlon Qlutlon and bndgmg problems If possible the tremie pipe will be kept near the bottom of the well or 

borehole Grouhug wl1 conhuue untd grout ts purged h m  the well or borehole undduted To make the process 

easier and m m n m  the quanhty of waste fluids that must be controlled contamenzed, and disposed it may be 

advantageous to purge the well or borehole mediately pnor to groutmg Dry wells may be filled with grout 

along theu entm subsurface length to a pomt just above where the lockmg cap will be attached Dry boreholes 

may be filled with grout to approxunately one to two feet below ground surface 

4 4  Surfacehtechon 

All well abandonments will be completed with a labeled concrete pad at the surface The purpose of the pad IS 

twofold to ensure well abandonment mtegnty by providmg a ngd, structurally sound cap that conforms to the 

edge of the borehole andor ground surface and to mark the actual locanon of the abandoned well m the field for 

future reference 

The configuratlon of the pad depends upan whether the well is bemg abandoned with the well casmg left m place 

or with the well casmg removed Furthemore there are different optlons avalable for abandonments where the 

casmg is left m place 

4 4 t Well Casing Leg? In Place 

For abandonments m which the well casmg is left m place the onglnal well pad (if present) may need to be 

removed This decision will be made by the RMRS project manager and will be based upon whether the pad IS 

contammatcd, whether there IS a steel p r o m v e  caslng present, and the length of the steel protectwe casmg 

Regardless of the method of m-place abandonment, a watemght cap must be securely attached to the top of the 



c PLUGGING AND ABANDONMENT OF WEUS RMRS/QPS-PRO 122 
Revision 0 

Date Effective 01/3 1/99 
Page 10 of 16 

well casing left m the ground. It u easiest and most convenlent if this is the f b t  step m the well abandonment 

Begm by cuftmg the well casrng u3mg a down-hole cutter The well casing mud be cut to kave a smooth wen 

top The location of the cut should range &om approxnnatcly one foot below ground surface (deeper if 

necessary and approved by the RMRS pjcct  manager but no dseper than five fea below ground surface) to 

one mch above the o r i g d  ground surhx It should not be broken, as this wdl leave an uneven upper surfrrce 

that may be hfficuit to seal Next, fill the below-ground portton of the well caring wtb sand andor grout as 

rastructed m Subsectrons 4 2 and4 3 Onathu IS completed, canttnuc Hilmthe abendonment style thrt IS most 

aw- 

a 

For wells completed HI the UHSU WI& splnless steel crsmg tt wtll be necemry to cut thc well casmg aAer 

1- ther weli pad, protcmw cmmg, d the well a h g  (as a urrrt) vcrtecrlly, wmg a dnff r q  or fork hft 

q u i p p d t o  iift the combmod lad. A- expin$ fhe well ca~I!sgbb~f#te potac(nrecn8q (typdiy 2 to 3 

feet &Cow the bare of thewell pal), thtcmmgun be us- a power sm wfth a bLdc capable of cumng 
stamless steei The well car- can saber be puhod back nW0 thehoic fkw abrndanmeat m placc (sa 

Subsecttans 4.2 and 43), or as an ahnative the ca&ug c ~ l l  be rctrhwd by the methods described m 
Su-41 l ,413 ,or4140f tbisSOP 

If the concrete well pad IS f d  to be contammatad, it must be removed. See Sg&on 4 0  for msmct~ons on 

monitormg and duposd mqu~~~~~ents  

If the protsetrve casing IS appxmmdy five to SIX fcot long (thr,most c(IpIIIIsQII kngtll at RFETSX the RMRS 

p r o m  manager typically will mstlucttbat tt be removed. Theproaectv8 casing aud pad may be teparated and 

the pad broken mto manageabk plecss usmg sldgehaumcrs or other appmprb tools The protectrve casing 

may be pulled out of the hok us& a dnil rig or other equlpawnt den@ fot heavy 1- If thu casing is 

pulled out of the hole Vertlcrlly, the well c a s q  contamed w& the protedw and the well cmng that 

is below ground surface should sparate c k d y  at the cut. The protechve asmg and ~IOWS of pad wrll be 

monitored, marked, and handled a d m d e d  above UI Secaon 4 0  Afbcrrra~lvmg these caqoaents, the cut 

surface that IS now the top of the well atsmg wlll be wlpsd ckan of sod pnd excess grout to maxrmlzt the 

mtesray ofthe seal betwaathe waff crsmg pnd cap A permsnentwlltertlgfacrp(sucb as 8 lodung “J-cap ) 

Wlll be securely affixed to the top of the casing. The new pad wlllthdn be txlmmad as dbsaibed below ln 

subsectlan 4 4 3 
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above the top surface of the ongmal pad The top of the well casmg will be cut off to leave a smooth level top 

which will be located sufficiently below the level of the protective casmg to allow for the addition of the 

requlred well and protective casmg caps The top of the well casmg will be wiped clean of excess grout and a 

permanent watertight cap (such as a loclung J cap’) will be affuted to the top of the casmg The steel 

protective casmg (and as necessary any other matenals contamed withm this casmg) will then be filed or 

otherwise ground flat A clrcular steel disk that is at least as thick as the protective casmg and of the same 

diameter as the outside of the protectlve casmg will then be welded to the top of the protective casmg such that 

it forms a watertight cover over the annulus and well casmg The well location code and date of abandonment 

will be stamped or engraved mto or welded onto the surface of the disk These markmgs will be made so as to 

be readily visible despite any surficial corrosion that may be expected to take place yet will not compromise 

the structural mtegnty of the dsk 

If the protective casmg is absent, the well casmg will be cut at a level rangmg b m  approxunately one foot 

below ground surface (deeper if necessary and approved by the RMRS project manager but no deeper than five 

feet below ground surface) to one mch above ground surface The cut will be smooth and level A permanent 

watertight cap (such as a lockmg ‘J” cap) will be attached to the top of the well casmg The capped well casing 

will be embedded withm the concrete pad as discussed m Subsecnon 4 4 3 

4 4 2 Well Casing Has Been Removed 

For abandonments m which the casmg is removed, the newly re excavated borehole will be grouted as 

discussed m Subsection 4 3 After the borehole has been grouted and the grout has settled room must be made 

for the basal portion of the well pad In dry holes m which the grout was filled to one to two feet below ground 

surface no grout needs to be removed However where it was necessary to conbnue pumpmg grout downhole 

to purge groundwater and diluted grout from the hole enough grout will be removed to leave the uppermost 

one to two feet of the borehole empty Ths space will be filled with concrete, which will extend above ground 

surface to form the pad 

4 4 3 Concrete Pad 

The concrete gad will be round, gently domed, and III most c8se9 one foot or less m diameter Its size and 

round shape will be controlled by a form constructed for the purpose Its outer edge will taper to meet the 

ground surface, and at its highest pomt it will be no more than three mches above ground surface The diameter 

of the pad will be approxlmatdy the same dtameter as the borehole so that the pad is essentlally a contmuation 

of the hole (that IS, a vcrt~cal cross-sectlon of the pad will have a shape more llke an mverted U than a 

! 
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mushmom) The pad will be centend on the center of the well cclsmg or borshols 

At locations when the protemve steel casmg IS absent or has been removeti, the pad will be constructed 

unmediately above and around the top of the capped well c(~11l1o If an -ips& hole IS not already 

present around the top of the well c8smg, It will be naesmry to excava&e an annulus that w at least three mches 
wide (that w, the dmncter ofthe hole must be st least six mches m t h r a  the dwnetsrof the well csrms)tq. 

one foot deep so that the pad u securely embedded m the ground. A b  codhung that the annulus IS 

suff icdy large, the concmte wrll be poured dgectly overdarwndthecappedwd asiugto form the pad. 

5 0  e Q u r p M E N T D B C O "  
1 

Permrent decontammatron pmeduru desaibed m SOP RNRSIOPS-PRO 127, Fdd 
and SOP RhRRsIops-PR0070 of Heavy Equqment at Deumtmnmahon F m i  will be 

followed. Decontambatm a d  waah water will be handled BEc(Kdme to SOP RMRs/ops-pRO 1 1 2 ,  Handling of 

F i e M ~ W a t c r d F & d W I s h  Water 

opersnons @ 

6.0 HANDLING AM? STORAGE OF MATERIALS 
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borehole Casmg will be cut mto manageable (e g 20 feet) lengths as it is removed fiom the borehole and further 

cut into secbons no more than 5 feet long The casmg will be screened for radionuclides and volatile organic 

compounds (VOCs) accordmg to the procedures outlmed m SOP FO 15 Photoionlzatron Detectors and Flame 

Ionization Detectors and SOP FO 16 Field Mological Measurements The casmg will be cleaned with a brush 

to remove major dut and/or debns 

All casmg determmed to be above any VOC or dological background level will be wrapped m plastic sheetmg 

or plasnc bags taped shut, and transported to the central decontammahon stanon The casmg will be 

decontammated usmg a high pressure hot water washer 

After cleamg and/or decontammanon the casmg will be screened and stacked mto piles on a plashc tarp and 

covered with another tarp untd muted for the appropnate method of dlsposal as designated m Seaon 4 0 

6 2 SMALL SOLIDS AND SEMI-SOLIDS 

These matenals (eg small pieces of casmg, concrete dnll cumngs, etc) will be handled accordmg to SOP 

RMRS/OPS-PRO 1 15 Monmnng and Conmnemg Dnllmg Fluids and Cumngs 

63 LIOUIDS 

Liquids dsplaced from the borehole dunng groumg will be collected and handled accordmg to SOP RMRs/OPS 

PRO 128 Handlmg of Purge and Development Water, and SOP RMRS/OPS-PRO 115 Monitonng and 

Contamenzmg Dnllmg Fluids and Cumngs Thls mav requve provisions at the ground surface to collect fluid such 

as a portable keyhole" pit or berm around the top of the borehole or casmg chschargmg mto a tank In deep 

boreholes where relatively large quannnes of fluids may be anncipated, more elaborate measures such as grading 

the area and construcmg lmed pits may be requved to control d ~ ~ ~ l a c e d  enwonmental matmals This will be 

addressed m a project specific work plan Liquid wastes generated dunng decontamlnatlon procedures will be 

handled accordmg to SOP RMRS/OP!&PRO 112 Handlmg of Field Decontammaaon Water and Field Wash 

Water 

7 0 QUALITY ASSURANCEYQUALITY CONTROL 

Quahty assurance (QA) and qual~ty control (QC) achviaes will be accoxnphshed accordmg to applicable project 

plans as well as quality requmments pmented m thls SOP These act~wt~es wdl also comply vvlth DOE Order 

5700 6C and wlth the RMRS QAPD 

RMWOPS-PRO 122, Rm 0- 01120199 
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Information r q u d  by ttUS SOP wdl he documented on h e  WelYBonhok Abandonment Fonn (Fonn 
PRO 117A, found u1 SOP RMRS/OP!&PlZO 117, Pluggmg and Abandonment of Boreholes) Enwonmental 

materials l p d l q  wdl be documented acaxdmg to SOP RMR!9OP!WRO 115, Abwonng and Contamenrmg 

Dnhq Flu& and cII#mgs. All pertmem dnmatum qm'diag well 8bdommm wll k recmdcd UI a field 
logbodr, whtcfi wdl save tu the supportmgdocumgltlulon fixall h n s  lhe WelvBonhdc Abdonment Form 

wll lmchrde ,butnotbe~to  thzf0llo~lnformstlon 
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9 0  APPENDIX 

Followmg well abandonment, the mdwiduaVcompany responsible for pluggmg the well will complete the form m 

Appendlx 1 to comply with Section 8 

100 REFERENCES 

10 1 SOURCE REFERENCES 

The followmg is a 1st of references rewewed pnor to the wntmg of thls procedure 

Aller L , T W k e t t ,  G Hackett, RJ Petty J H Lehr H Sedons, D M Nielsen, and J E Denne Handbook of 

SupPested Practices for the Desien and Instal lanon of Ground Water M oni tom Wells EPA 60014-891034 

Nahonal Water Well Associaon 1989 398 pp 

Office of the State Engmeer, Colorado Division of Water Resources, State Board of Exammen of Water Well 

Construmon and Pump Installaon Contractors Water Well Construmon Rules, 2 CCR 402-2 1996 30 pp 

10 2 l "AL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows 

SOP FO 6, Handlmg of Personal Rotecnve Equipment 

SOP FO 10 Receivmg, Marlung and Labelmg Environmental Matmals Contamers 

SOP FO 1 I Field Communications 

SOP FO 15 Photoionlzatlon Detectors and Flame Ionlzatlon Detectors 

SOP FO 16, Field Radrological Measurements 

SOP RMRS/OPS-PRO 070, Decontammation of Heavy Equipment at Decontammanon Facilines 

SOP RMRS/OPS-PRO 102, Borehole Cleamg 

SOP RMRS/OPS-PRO 112 Handlmg of Field Decontamlnatlon Water and Field Wash Water 

SOP RMRS/OPS-PRO 114 D n h g  and Samplmg USmg Hollow-Stem Auger and Rotary Dnllmg 

and Rock Conng Techques 

SOP Rh4RSOFSPRO 115 MonitoMg and ConmcMng D n h g  Fluids and Cumngs 

SOP RMRS/OPS-PRO 117, Pluggmg and Abandonment of Boreholes 

SOP RMRS/OPSPRO 127, Field Decontammatlon operatloas 
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